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ABSTRACT 

A number of small pieces of incriminating evidence, apparently pointing in 
the same direction, do not necessarily prove a crime. Therefore, before 
reviewing the various mechanisms suggested to incriminate ETTS in CHD 
incidence, a brief reminder of what is actually well known about the 
atherosclerosis process is necessary. We shall stress what progress has been 
made over the last' decade and what risk factors are now being considered. The 
role of active smoking, which has long been set in evidence by epidemiologic 
studies, is now fairly well iinderstood scientifically. The mechanisms of 
cardiO'Vascular attack are triggered by two primary stimuli: nicotine and 
carbon monoxide. Induced effects on cathecholSmines, platelets, 
carbozyhemoglobin, fibrihogen^ lipoprotein metabolism, etc... help 
understand their incidence on CHDi Everything however, is not altogether 
clear nor consistent. Concerning ETS, the ten epidemiologic studies 
investigating its association with heart disease mortality, produce mean RH 
values ranging from 1.2 to 1.4 in both sexes (Glbntz). This fact and 
corresponding criticisms will not be dealt with here. We shall however 
concentrate on a detailed study of the mechanisms suggested to explain the 
efTects of passive smoking and compare them with those of active smoking. If 
ETS brings into an exposed non>srDoker*s blood such' primary stimuli as 
nicotine, CO, benzene, PAH allow the biological plausibility of CHD attack, 
but careful consideration of their mode of action and magnitude cannot, as far 
as is known, incriminate EJTS as the third cause of mortality (Wells). 


INTRODUCTION 

There are now 10 epidemiological studies [1-10] on the relationship 
between exposure to environmental tobacco smoke (ETS) in the home and the 
risk of coronary heart disease (CHD) (table 1). Most of these studies have 
reported relative risks greater than 1.0. 
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Anthor 

Type 

ToUl 

cates 

Relative 

risk 

95% 

confidence 

interval 

Country 


Hirayaroa (1984) 

P 

494 

1.2 

0.91.4 

Japan 

GillU €t oi. (19S4) 

P 

21 

3.6 

0.9-13.8 

Scotland 

Garland e/ at (1985) 

P 

19 

2.7 

0.9-13.6 

Galifornia 

Leecr ol (1986) 

C 

77 

0.9 

0.5*1.6 

United Kingdom 

Heinng ct oi. (1988) 

P 

968 

1.2 

1.1-1.4 

Maryland 

He (1989) 

C 

84 

1.6 

1.3-1.8 

China 

Humbte et al. (1990) 

P 

76 

1.6 

1.0-2.6 

Georgia 

Butler (1990) 

P 

64 

1.4 

0.5-3.8 

California 


Gilli* et al. (1984) 

P 

32 

1.3 

G.7-2.6 

Scotland 

Leeef at (1986) 

c 

41 

1.2 

0.5-2.6 

United Kingdom 

SveiuUen et at (1987) 

p 

13 

2.1 

0.7^6.5 

United States 

Heinng el al. (1988) 

p 

370 

1.3 

1.1-1.6 

Maryland 


Hole et ot (1989) 

p 

84 

2.0 

1.2-3.4 

Scotland 


CHD : Coronary Heart Disease P : Prospective cohort C : Case control studies 


In apite of large differences in study design and type of heart disease 
considered (ischaemic heart disease, death of any origin, myocardial 
infarction death, non fatal coronary symptoms including angina); all 
results have been pooled giving an overall relative risk estimate of 1.23 
(limits 1.1-1.4) for 6 studies in women and 1.31 (limits 1.1-1.6) for 4 j 

studies in men (Wells, [11]). When these values are used to calculate CHD ' 

mortality rate in the USA, they give the very high figure of 32,000 deaths/year 

[ll]i 

Glantz [12J takes up this figure and collects evidence from a number of 
more or less relevant studies all tending to prove that this finding is 
plausible. 

We shall first consider the formation process of atherosclerosis. It is a | 

complex, multifactorial slowly developing phenomenon. It is therefore | 

biologically plausible that ETS exposure may cause some blood factors to j 

vary and accelerate the atherosclerosis process. It remains to be proven, , 

however, that the amplitude of such variations occurring during actual ETS 
exposure produces an effect leading to a 30 % risk increase [12]. That is why, 
after a brief reminder of what is known to date about the mechanism of 
atherosclerosis, we shall examine what are the aggravating factors due to j 

active tobacco smoking. Then, we shall attempt to evaluate the impact of ETS 
induced stimuli compared to those affecting an active smoker who is also j 

passively exposed to his own smoke and that of other smokers. 


/ 
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Epidemiolopc etudies firom a variety of countries throughout the world 
have clearly established a relationship between the development and/or the 
progression of atherostatic process and many lifestyle factors: sedentarity, 
obesity^ dietary intake (excess calories, saturated fat, salt...), cholesterol, 
stress, cigarette smoking... etc. 

Risk factors 

Since Framingham and his team published their findings 15 years ago 

[13] , it has been known that the three major CHD risk factors are: 
hypercholesterolemia, high blood pressure and cigarette smoking (Fig. 1) 
[ll4]. Combination of two or three of such risk factors has been found to 
increase GHD incidence nine times for two and 16 times for three factors 

[14] . 



I Figure 1. Increase in risk of coronary heart disease as a result of 

I smoking, hypertension and hyperchoLorestemia, relative to a 45- 

t year-old non-smoking man with a systolic blood pressure (SBP) 

of 110 mm Hg and total cholesterol of 185 mg dh^. Drawing made 
on the basis of data from the Framingham study (from Kannel 
W.B. [14]). 
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It 18 DOW known that some of these factors shoidd be better defined: With 
cholesterol, for instance, it is the hypcrlipoproteinemic anomaly which 
must be considered (table 2). Cholesterol carriers such as LDL (Low Density 
Lipoprotein) represent a risk and VLDL (Very Low Density Ldpoprotein) an 
additional risk whereas HDL (High Density Lipoprotein) counters the risk. 
Apolipoproteins are better correlated with CHD risk: Apo BIO0 (contained in 
LDL • VLDL) represent the risk, whereas Apo A1 (contained in HDL) 
counters the risk [15]. Bloodstream lipoproteinic partides (16) now appear 
to be even more related to CHD risk. LpB or Lp(a'*‘) [117] I represent the risk 
whereas Lp A1 are the protecting agents [16]. These factors are generally of 
the genetic risk type, whereas LDL modified (18) by oxidation, acetylation^ 
glycosylatioD and MDA LDL conjugation with MDA (Malondialdehyde) are 
due to metabolic and environmental chemical alterations [19,20]. 
Destruction of modified LDL by the ’’scavenger” pathway contributes through 
i different mechanisms to atherosclerosis development [21]. This helps 

understand the aggravating effect of such oxidising substances in blood as 
free radicals or the protecting role of direct or indirect antioxydants such as 
vit. C, vit. E, Sc.« [22]. 

Table 2. AtherosdeFosis and risk factors due to lipoproteinemic anomaly. 



Risk increasing factors 

Risk decreasing factors 


Total Cholesterol ^ 

ToUl CholOsUrol ^ 

GholesUrol 

LDL Cholesterol i / 

urn 


VLDL Cholesterol 

VLDLC ^ 


LDL V 

LDL'!* 

Lipoprotein B 

VLD L V 

VLDL^i 


HD L \ 

HDL V* 

Apoprotein B 

ApoBlOO / 

ApoBlOO N 


Apo Al \ 

Apo Al ^ 


LpB V 

Lp (a+) / 

LpAI ^ 

Lipid particles 

ox LDL 

Qyc LDL / 

MDA LDL ^ 


other factors 

free radicaU, etc.. 

Vit C, Vit E. Selenium, eU... 


Pathogenecis of atherooclerosu 

Taking into account the different theories and hypotheses on lipid 
infiltration, endothelial injury, and platelet role, we can state that: 
atherosclerosis is characterized by increased endothelial permeability, 
monocyte infiltration, internal smooth muscle cell (SMC) proliferation^ 
platelet aggregation and accumulation of lipids, Ga*^**’ and extra cellular 
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matrix Gomp>onent8 such as collagen, elastin andi proteoglycans in vessel 
wall. 


Endothelial cell injury (Fig. 2) 

Factors and forces promoting such damage are quite undefined and may 
be of physical, metabolic, hormonal, cellular, molecular or genetic nature. 
Among identified factors we can list: high blood pressure, anoxia, immune 
activation, turbulent blood factors, increases in oxidized LDL, Lp(a) or free 
radicals... etc. Response from irritated endotheliali cells induces an 
increase in permeability for plasma compounds into the subendothelial 
space. 

Hypeicbokjvrokmke - ozLDL 
IRRITAUMO mMUU Hypeivsnsm • Ttrtukni bJood flov 
Anozit - CX> • Fice‘Rftdicftb 

f 



SMC: 

•^ntwrtfle phenot^* 


Figure 2. Pathogenesis of atherosclerosis. 
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PGDFXAB) from platelets and PGDF(BB) from macrophages (Heldin) [25] 
which are chemostatic and mitogenic for vasctilar smooth muscle cells. 
Vascular SMC are assumed to migrate from the media to the intima where 
they convert from a contractile into a synthetic phenotype, proliferate and 
secrete growth factors (PGDFAA) [26]. At this stage, we must stress the 
importance of the balance between prostacycline (PG12) secreted by injured 
endothelial cells which inhibits platelet aggregation and thromboxane 
(TXA2) secreted by the platelets which stimulates aggregation [27]. 

Progression of atherosclerosis (Fig. 2) 

The hallmark in the progression of atherosclerosis is the proliferation 
of SMC and accumulation of extra cellule matrix in the intimal layer: 
collagen, elastin, proteoglycans (PGs), glycoaminoglycans (GAGs). These 
molecules combine with LDL* modified LDL, Lp(a), cell debris, Ca++ 
deposits to form an atheroma gradually weakening and narrowing the artery, 
encouraging the formation of a thrombus which may develop into myocardial 
infarction. 

Finally, there is normally a balance between cholesterol influx (LDL^ 
Lp(a) into the membrane and cholesterol efflux (HDL2) out of the plasma 
membrane. When influx of cholesterol exceeds efflux, cholesterylesters 
are stored by the cells. On the other hand, the lesion progression is also 
dependent on SMC proliferation and consequentJy on the balance between 
growth promoters (PGDF, TXA 2 , 12 HETE) and growth inhibitors (PGI2). 

This is just an overview of atherosclerosis pathogenesis which does not 
cover the abundant literature documenting such factors as : 

lipoperoxydation of polyunsaturated fatty acids leading to MDA-LDL 
[181; 

Free radicals and antioxidising role of plasma [28] selenium, 

The role of as a second messenger involved in regulating processes 
in the vessel wall [27] promoting LDL receptor binding, inducing 
monocyte and SMC chemotaxis and stimulating secretion of collagen 
and other components. 

ATHEROSCLEROSIS AND CTGARETTE SMOKING 

A number of epidemiologic studies have brought evidence of association 
between active smoking and atherosclerosis development but the physio^ 
biochemical mechanisms suggested are not yet definite as many smoke 
constituents are likely to be involved. 

Maiettream smoke chemical oompoaition 

About 4,000 components have been identified in mainstream smoke. In 
the gas phase the major constituents are: carbon dioxide, carbon monoxide, 
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nitrogeii oxides, nitrosocompounds, hydrogen cyanide, formaldehyde, 
acrolein and benzene. The biologically active compound b, however, are 
found in the particulate phase: nicotine, phenoli, benzo(a)p 3 ^eDe, 
nitrosaniines, pyrene, naphtalene, etc... 

A number of investigations of smoke toxicity have been carried out in 
using all mainstream smoke or tars, which cannot lead to incriminate any 
specific chemical substance. The primary stimuli involved in 
atherosclerosis development are nicotine, carbon monoxide (CX)) [54], while 
PAH and &ee radicals have also been investigated. 


Biarnttream smoke (MS) stimuli (Fig. 3) 

1. Nicotine alone or in conjunction with cigarette smoking is known to 
increase sympathetic nervous activity and release catecholamines from 
adrenal glands or cardiac tissues [521. 

2. Increase in blood pressure and hearts rate: this effect can be readily 
explained by direct action of nicotine or by cathecol&mine action on 
myocardial contractile function [30]. 

3; Effects on lipids: Increase in free fatty acids (FFA)i intravenously 
injected nicotine raises plksma concentration of FFA through enhanced 
lipolysis. FFA mobilisation from adipose tissue is a consequence of 
sympathoadrenal stimulation [31] but increases the delivery of FFA to the 
heart and therefore increases oxygen consumption [32]. 

Lipoproteins: a number of studies have shown that in smokers* plasma 
HDL tend to be lower and LDL slightly elevated. The most important aspect 
could be the sharp decrease in the anti-atherogenic HDL2 cholesterol 
haction [33]. The data on association between CHD and HDL subfraction is 
controversial and recent studies [34] find no statistically significant HDL 
decrease associated with dgeu'ette smoking. Altohol consumption, however, 
correlates positively with HDL cholesterol subfraction. Finally, the effect of 
smoking on HDL cholesterol does not seem to be cumulative and can be 
reversed in just 30 days after cessation of smoking (Moffsat R.) [33]. 

4. Platelets: Cigarette smoking induces a marked, transient increase in 
platelet aggregability [35, 36]. The responsible agent is likely to be nicotine 
which can produce the same effect in vitro. On the other hand, cigarette 
smoking induces increased PAF-LL (Platelet-Activating-Factor-Like- 
Lipid(s)) which cause LDL oxidation and then pathogenesis of smoking- 
induced atherosclerosis [37]. 

5. PGI 2 -TXA 2 Balance: Cigarette-smoking affects the balance of vascular 
prostanoid synthesis PGI 2 -TXA 2 by decreasing PGI 2 synthesis by vascular 
endothelial cells [38], increasing release of TXA 2 platelets [40] and 
incidentally platelet aggregation and SMC constriction. In fact, the direct 
role of nicotine and its action as a function of dose and in presence of CO is 
still controversial [41]. 

6. Carbon monoxide: Carbon monoxide forms carboxyhaemoglobin^ 
reduces blood oxygen-carrying capacity and causes hypoxemia. Mean COHb 


Source: https://www.industrydocuments.ucsf.edu/docs/fnpxOOOO 


2023512164 




levels in smokers are about 5 % but may reach 10 % and more in heavy 
smokers. CO can affect permeability of endothelial wall, fibrinogen 
retention by arterial wall and PGI 2 -TXA 2 balance [41]. 

7. Polycyclic Aromatic Hydrocarbons (PAHs): By weekly PAH injections 
in pectoral muscles of white cameau pigeons, Revis [42] showed that PAH 
such as BenzoCa) pyrene (BaP) with the exclusion of BeP, might be the only 
potential atherogen in avian atherosclerosis. Randerath [43] also 
demonstrated on mice derm ally treated with cigarette tar presumably 
containing aromatic compotmds like BaP, induced lesions in heart DNA in a 
tissue specific manner. However, the administration route, the doses and 
the species, cannot convincingly lead to the conclusion that it is an 
atherosclerosis risk for a smoker. 

8. Free radicals: We know that smoke contains free radicals and that free 
radicals are found in the atheroma plaque. Free radicals have been 
implicated in cardiac ischaemic artery [44] and congestive heart failure 
[45]. Free radicals can cause lipoperoxidation of unsaturated fatty acids and 
then form MDA (Malondialdehyde). LDL malonisation then leads to 
increased fixation on macrophages with foam cell production [57]. 

To sum up (Fig. 3); consistent evidence is now available to explain the 
aggravating effect of tobacco smoke on atheroma plaque. Nicotine and 
carbon monoxide are the identified primary stimuli causing a chain of 
biochemical reactions accelerating the atherosclerosis process [54]. Free 
radicals and polycyclic aromatic hydroxarbons are among the molecules 
recently incriminated but their precise role and mode of action require 
further investigation. 

AlHEROSCLEROSIS AND PASSIVE SMOKING 

ETS exposure has no marked effects on atherosclerosis parameters. 
This is due to the fact that amounts of active compounds which penetrate into 
the body are on the whole very small even for heavy exposures, as is most 
convincingly demonstrated by Scherer [46] (Table 3). The findings provide 
experimental evidence that for passive smoking, exposure to the gas phase of 
ETS is more important than to the particulate phase. In contrast to smoking, 
uptake of tobacco smoke derived particles during passive smoking seems to 
be very low and not detectable by usual methods [46]i Therefore, nicotine and 
cottnine in smokers reflect smoke particle exposure whereas in passive 
smokers these parameters indicate exposure mainly to tobacco smoke 
vapour phase. 

Let us consider the blood stimuli generated by ETS, likely to contribute to 
atherosclerosis process. 

As Carbon monoxide is mainly a vapour phase compound of sidestream 
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Table 3. EBtimated dose ratio between smoking and passive smoking 
from G. Scherer [46]. 


Tobacco smoke constituents 

Smoking S 
(20 cig/d) 

Ptuive smoking 
PS(8h/d) 

Dose ratio 
S/PS 

gaseous phase 

CO (mg) 

40-400 

14.4-96 

2.7-4.2 

Volatile nitroaamihes (ug) 

0.05-1.0 

0.03-0.4 

X.5.2.6 

Bonzene (ug) 

200-1200 

40-400 

3-5 

Particulate matter 

Particles (mg) 

75-300 

0.024-0.24 

1250-3000 

Nicotine (tng) 

7,5-30 

0:08-0.4 

75-90 

Benso(a)'pyrene (ug) 

0.15-0.75 

0.001^0.011 

75-160 

Tobaccospecific nitrosamines (ug) 

4.6-45 

0.002-0'010 

2300-4500 


) 


Bmoke» an exposed non-smoker shows a significant increase in CoHb after 
heavy ETS exposure. However, CO uptake is 2.7 to 4.2 times lower than in an 
active smoker (table 3} [46] CoHb levels obtained range from 0.5 to 1.5% 
(National Research (Council 81, Aronow 78, Wald 81 [47], Davis [48]^ though 
^ t Sherer [46] found a higher CoHb value 6 % after 8 hours' exposure. In fact, 1% 

CoHb is considered to be representative of average tobacco smoke exposures, 
; which is not far from levels observed in exposures to other CO sources: 

% cooking, heating, exhaust fumes, etc... (3 % CoHb in non-smokiDg taxi 

dzivers in London). In active smokers, however, CoHb levels are much 
higher: 5% and more. Moskowitz [47] found that whole blood 2-3 
diphosphoglycerate (2-3 DPG) was higher in smoke^exposed than in 
unexposed children, which shows that the organism attempts to compensate 
for hypoxia by increasing 2-3 DPG level in bloods to meet tissue oxygen 
requirements. However, the results are significant for boys only. 


Niootine 

In a non-smoker, plasma nicotine rises so faintly after exposure to 
tobacco smoke that variations observed are sometimes not significant. 
Regarding significant quantities absorbed, Sherer [46] has recently shown 
(table 3) that an active smoker's (S) uptake is 75 to 90 times that of a passive 
smoker (PS). Regarding plasma, salivary or urinary concentrations, Jarvis 
[49] has found that the ratio is about 100. In these circumstances, direct or 
indirect action of nicotine on an ETS exposed non smoker can only be very 
weak. 

Lipids 

Only a few studies have investigated this aspect. Moskovitz [47] found 
that High Density Lipoprotein (HDD cholesterol was lower in ETS exposed: 
children ; the HDL2 cholesterol subfraotion was decreased but in boys only 
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while the HDL3 cholesterol subfiractioa, was decreased in girls only and 
curiously, together with Low Density Lipoprotein (LDL) cholesterol 
Bubfraction, These results are not consistent enough to permit a definite 
conclusion inasmuch as other parameters ApoAl, ApoB or better LpAl, LpB 
are now considered to be bett^ correlated with atherosclerosis risk^ Further 
research work is necessary to evaluate effects of ETS on lipidic fractions, 
alli the more so as in active smokers, variations of HDL subfractions are not 
very significant either [34]. 

nateleu 

Passive smoking increases platelet aggregation and produces a 
desquamation effect on endothelial cells of a similar magnitude to that 
observed in active smoking [4B]. Davis [48] thinks that even a small increase 
in plasma nicotine concentration may release catecholamines. 

Polycyclic Aromatic Hydrocarboni (PAHb) 

Although PAHs are potentially very harmful because of their 
cardnogenic effect on the lungs, bladder and heart through formation of 
adducts, it is questionable whether they are actually playing a role in the case 
of ETS. Indeed, the amounts thus absorbed are so small compared on the hand 
to those of an active smoker who inhales from 75 to 150 times more, 
according to Scherer [46]i (table 3) and on the other hand to amounts 
contributed by the environment (50) as in the case of benzene which brings 
about ten times more. Grimmer [50] has demonstrated that sidestream 
smoke (SS) contains ten times more PAHs (Benzo(a)pyTene for instance) 
than mainstream smoke (MS). 99 % of these PAHs, however, occur in the 
particulate phase whereas a non-smoker is only exposed to the vapour phase 
146]. 

When recapitulating available evidence on ETS generated stimuli in the 
body, it appears that increases in nicotine and CoHb levels are so low that 
only very low variations can be expected from direct actions or 
cathecholamine releasing mechanisms. Effects on lipids are just about 
significant. Effects on platelet aggregation seem to be a more promising 
avenue of research as platelets influence both the slowly developing 
atherosclerosis process and more important still, the rapidly developing 
phase of thrombus formation preceding a cardiac incident. 

OONCLLJSIONS 

About 10 epidemiologic studies conducted in different countries have 
concluded that ETS exposure accounts for about 30% risk increase of CHD 
mortality. Because of the many factors, some of which have only been 
recently discovered, that play a role in the development of CHD, a number of 
these studies have not been properly designed even if some (Svendsen, 
Garland, He-Hole) have controlled for age, race, weight, hypertension^ 
alboholi consumption, exercise and total serum cholesterol. Many other 
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factors need to be considered: diabetes, heredity or associated lipidic 
factors, Apo Al, Apo B, Lp Al, Lp(a), platelet factors, diet (antioxidizing 
factors, vit E, vit C, selenium) etc... In addition to those, should of course be 
listed all the confounding factors currently found in ETS epidemiologic 
studies and generally connected with exposure assessment (intensity, 
duration). 

As in the case of lung cancer, it is now certain that active smoking 
increases the risk of fatal CHD: the risk is supposed to be about 2.0 
(Framingham) but may vary from 1.6 to 2.0 for a cigarette smoker but from 
1.08 to 1.40 only for a pipe smoker (Surgeon (j^neral Report) [54J. Some of 
the most important action mechanisms of mainstream smoke by means of 
nicotine, CO (CoHb)* platelet aggregation are now fairly well known. 
However, its action on coronary atherosclerosis remains unexplained as 
available evidence is inconsistent and even contradictory. The fact that CHD 
risk decreases rapidly after cessation or diminution of smoking [51] I may 
indicate that effects of smoking are more severe on thrombosis [521 or 
infarction than on coronary atherosclerosis. As far as ETS action is 
concerned, increases in plasma nicotine and CoHb levels are exti^mely low 
compared to those in active smoking (1 % for the former, 20 % for the latter). 
The physiobiochemical effects actually observed on an exposed non-smoker 
are real: HDL and HDL2 are decreased and platelet aggregation increased, 
they indicate that the role of ETS in CHD incidence is biologically plausible. 

It is, however, unrealistic, given our present knowledge, to suggest new 
mechanisms, inspired for instance by animal experimentation and which 
would not first apply to active smoking. Indeed, an active smoker is also a 


passive smoker who inhales his own smoke as well as that of others. 
Therefore, the magnitude of risk in an ETS exposed non-smoker is bound to 
be very small compared to that of an active smoker. This risk has certainly 
been overestimated in some studies: a scientist's common sense is baffled 
when relative risk estimates of ETS exposure are equal or even higher than 
those of active smoking (Garland; Gillis, Svensen, Hole). Is a smoker more 
intoxicated by ETS than by mainstream smoke ? 

This suggests that mean RR of CHD due to ETS exposure calculated from 
available epidemiologic studies, has probably been overestimated as at the 
moment it cannot be explained by physiobiochemical changes caused by ETS 
in the body. Among the mechanisms suggested by Glantz, C)oHb (at 1 %) and 
P.A.H. (PS/S = 1/100) incidence is unconvincing. However, action on 
platelet aggregation is more likely. Reversibility of action suggests that 
incidence is stronger on thrombosis process than on coronary 
atherosclerosis development. Therefore, Well's [ill] extrapolation to the 
North American population leading to a very high CHD mortality due to ETS 
appears to be questionable even though he maintains it against critiques [55]. 

A number of very carefully conducted studies will be necessary before 
correct risk assessment and satisfactory physiobiochemical interpretation 
can be achieved. 
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